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DESCRIPTION 
Shift Control Device of Automatic Transmission 

Tecluiical Field 

The present invention relates to a control technique of an automatic transmission, 
and more particularly to a control technique to prevent a shock when an automatic 
transmission is shifted from a neutral position to a fonvard drive position at the time of 
garage shift or the like. 



Background Art 

Automatic transmissions mounted to vehicles are roughly divided into two types, 
geared and gearless. The geared automatic transmission is formed of a fluid coupling 
such as a torque converter and a gear transmission mechanism. 

1^ The geared automatic transmission is connected to an engine via the fluid 

coupling such as a torque converter. The geared automatic transmission is formed of a 
transmission mechanism (planetary gear deceleration mechanism) having a plurality of. 
power transmission paths, and is configured to automatically switch the power 
transmission paths in accordance with accelerator opening and vehicle speed, for 

20 example, or to automatically switch the gear ratios (forward driving position) . In the 
geared automatic transmission, clutch, brake and one-way clutch elements as friction 
elements are engaged or disengaged (released) as prescribed, to determine the gear 
levels. 

A vehicle having such an automatic transmission is usually provided with a shift 
25 lever operated by a driver. Operating the shift lever can set a shift position (e.g., 
reverse drive position, neutral position, or forward drive position). 

When the vehicle having the automatic transmission configured as described 
above is let out of a garage before driving or put into a garage after driving, a so-called 
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garage shift is effected, from the parking (P) position to the reverse drive (R) position 
for moving backward, or from the neutral (N) position to the forward drive (D) position 
or the reverse drive (R) position to start driving. 

The garage shift includes the case where the state of the automatic transmission 
is changed from a non-drive position (neutral (N) position) to a drive position (forward 
drive P) position). Techniques to solve various problems arising in such a case have 
conventionally been disclosed. 

For example, Japanese Patent Laying-Open No. 2-190660 discloses a shift 
control device for an automatic transmission that compensates for oil pressure necessary 
to surely fasten a friction engagement element at the time of stall start, while preventing 
an excessive shock at the time of racing select start, upon shift from the neutral (N) 
position to the forward drive (D) position with an engine rotating at high speed. The 
shift control device of the automatic transmission includes range transfer detecting 
means for detecting a select from a power cutoff range to a forward or reverse drive 
range, rotating speed detecting means for detecting the rotating speed of the engine at 
the power cutoff range, rotating state deternuning means for determining, when the 
range transfer detecting means detects a select signal from the power cutoff range to the 
forward or reverse drive range, whether the engine rotating speed detected by the 
rotating speed detecting means is a preset value or above indicating the racing select 
start, and liquid pressure lowering means for lowering the fastening pressure of the 
friction element than a value set in a normal control when the rotating state determining 
means determines that the engine rotating speed is the preset value or above. 

With this control shift device of the automatic transmission, when the select to 
the drive range is detected by the range transfer detecting means, the fastening pressure 
is decreased by the liquid pressure lowering means only if the engine rotating speed at 
the power cutoff range detected by the rotating speed detecting means is a preset value 
or above. Thus, it is possible to mitigate the excessive fastening shock by lowering the 
fastening pressure at the time of racing select start when the engine rotating speed is 
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increased in the power cutoff range for start. On the other hand, at the time of normal 
stall start when the engine rotating speed is increased after the range is switched to the 
running range, the engine rotating speed detected by the rotating speed detecting means 
is low, with which the liquid pressure lowering means is not operated. As such, the 
ordinary high fastening pressure is secured, thereby ensuring fastening of the friction 
engagement element. 

With the shift control device of an automatic transmission disclosed in Japanese 
Patent Laying-Open No. 2-190660, however, only the fastening pressure of the friction 
element is decreased from a value set in the normal control when the rotating state 
determining means determines that the engine rotating speed is a preset value or above. 
As such, the friction engagement element is engaged while the engine rotating speed is 
high, although the engagement pressure is lowered with the liquid pressure lowering 
means. 

That is, the friction engagement member should be engaged while the input 
revolution number to the automatic transmission is high, which requires enhancement in 
strength, heat resistance and the like of the friction engagement element. As a result, 
the friction engagement element suffers the following problems: 

1) cost increase (increase in number of the friction member sets, increase in 
thickness of the separator plates); 

2) weight increase (increase in number of the friction member sets, change in 
quality of the friction members, increase in thicloiess of the separator plates); and 

3) occurrence of shift shock (increase of torque gain with respect to oil pressure 
due to increase in number of the friction member sets, increase of peak torque due to 
increase of engagement oil pressure and reduction of gear change time). 

Disclosure of the Invention 

An object of the present invention is to provide a shift control device of an 
automatic transmission that can suppress a shift shock when the state of the automatic 
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transmission is changed from a non-drive state to a drive state. Another obj ect of the 
present invention is to provide a shift control device of an automatic transmission that 
can improve durability of a friction engagement element when the state of the automatic 
transmission is changed from the non-drive state to the drive state. 

The shift control device of an automatic transmission according to an aspect of 
the present invention controls an automatic transmission that shifts an output from an 
engine to transmit power. The automatic transmission includes a friction engagement 
element that is engaged in a drive position and released in a non-drive position. The 
engagement pressure of the friction engagement element is controUable by direct 
pressure. The shift control device includes a detection unit that detects a shift from the 
non-drive position to the drive position, an output unit that outputs a command to 
execute an output lowering process of the engine to an engine control device in 
response to detection of the shift to the drive position, a detection unit that detects an 
input revolution number to the automatic transmission, and a control circuit that starts 
engagement of the fiiction engagement element by direct pressure control when it is 
detected that the mput revolution number is lowered to a predetermined revolution 
number by the output lowering process. 

When there is a shift from a neutral (N) position as the non-drive position to a 
forward drive (D) position as the drive position, the friction engagement element called 
an input clutch is changed from a disengaged state to an engaged state. At this time, 
the output of the engine is lowered before the input clutch is engaged. As the number 
of revolutions of the engine decreases, when it is detected that the mput revolution 
number to the automatic transmission (number of revolutions of the turbine when a 
torque converter is connected to an output shaft of the engine) is lowered to a level 
ensuring heat resistance of the input clutch, then engagement of the fiiction engagement 
element is started by the direct pressure control. As such, the direct pressure control is 
used to delay the start of engagement of the input clutch until the engine revolution 
number is decreased. If the input clutch is put into an engaged state abruptly while the 
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input revolution number to the automatic transmission is still high, the input clutch may 
be broken or degraded, or a shift shock may occur due to high engine torque. Even if 
-the input clutch is put into the engaged state gradually while the input revolution number 
to the automatic transmission is high, the input clutch generates heat, resulting in 
5 degradation thereof. In contrast, according to the present invention, the direct pressure 
control is used to delay the start of engagement of the input clutch until the engine 
revolution number is decreased, so that the problems of degradation of the input clutch 
and occurrence of the shift shock are eliminated. As a result, it is possible to provide a 
shift control device of an automatic transmission that can suppress a shift shock and 

10 improve durabUity of a faction engagement element v^^hen the state of the automatic 
transmission is changed from a non-drive state to a drive state. 

The shift control device of an automatic transmission according to another 
aspect of the present invention includes a detection unit that detects a shift from the 
non-drive position to the drive position, an output unit that outputs a command to 

15 execute an output lowering process of the engine to an engine control device in 

response to detection of the shift to the drive position, and a control circuit that starts 
engagement of the friction engagement element by direct pressure control after a lapse 
of a predetermined period of time following initiation of the output lowering process. 

The output of the engine is lowered before the input clutch is engaged. After a 

20 lapse of the predetermined period of time, when the engine revolution number is 

decreased and the input revolution number to the automatic transmission is decreased to 
a level ensuring heat resistance of the input clutch, then the engagement of the friction 
engagement element is started by the direct pressure control. As such, the direct 
pressure control is used to delay the start of engagement of the input clutch untU the 

25 engine revolution number is lowered. When the input clutch is engaged while the input 
revolution number to the automatic transmission is still high, whether it is engaged 
abruptly or gradually, the input clutch would be degraded or a shift shock would occur. 
In contrast, according to the present invention, the direct pressure control is used to 
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delay the start of engagement of the input clutch until the engine revolution number is 
decreased, and thus, the problems of degradation of the input clutch and occurrence of 
the shift shock are prevented. As a result, it is possible to provide a shift control 
device of an automatic transmission that can suppress a shift shock and improve 
5 durability of a friction engagement element when the state of the automatic transmission 
is changed from the non-drive state to the drive state. 

Preferably, the shift: control device of the automatic transmission may fiirther 
include a circuit controlling the engagement pressure using the direct pressure control to 
prevent the fiiction engagement element from transmitting power in response to 
10 detection of the shift to the drive position. 

The engagement pressure is controlled using the direct pressure control such that 
the input clutch does not transmit power even if the state is changed to the drive 
position. As such, the input clutch does not enter the engaged state in which it would 
transmit power. The engagement while the input revolution number to the automatic 
15 transmission is high is prevented. Accordingly, occurrence of the problems due to heat 
generation and the like is avoided. 

Still preferably, the predetermined revolution number is set based on a heat 
absorption amount of the friction engagement element at the time of engagement. 

It is possible to set the revolution number such that the heat absorption amount 
20 of the fiiction engagement element at the time of engagement does not exceed the heat 
absorption capacity determined by properties of the friction member or the lilce. 

Still preferably, the predetermined period of time is set based on a time when the 
revolution number to the automatic transmission attains a value that is set in accordance 
with the heat absorption amount of the friction engagement element at the time of 
25 engagement. 

It is possible to set the time ensuring that the revolution number becomes the 
value with which the heat absorption amount of the friction engagement element at the 
time of engagement does not exceed the heat absorption capacity determined based on 
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the properties of the friction member or the like. 

Still preferably, the drive position corresponds to a forward drive position, the 
non-drive position corresponds to a neutral position, and the friction engagement 
element is an input clutch. 

At the time of shift from the neutral (N) position to the forward drive (D) 
position, the input clutch is engaged by direct pressure control after the input revolution 
number to the automatic transmission is lowered to the level not affecting heat 
resistance of the input clutch. Accordingly, it is possible to provide a shift control 
device of an automatic transmission that can suppress a shift shock and also improve 
durability of the input clutch. 

Brief Description of the Drawings 

Fig. 1 is a control block diagram of an automatic transmission according to an 
embodiment of the present invention. 

Fig. 2 is an operation table of the automatic transmission shown in Fig. 1. 

Fig. 3 shows a hydraulic circuit. 

Figs. 4 A and 4B are operation table and timing chart, respectively, of the 
hydrauUc circuit shown in Fig. 3. 

Fig. 5 is a flowchart illustrating a control structure of a program that is executed 
by an ECU according to the embodiment of the present invention. 

Fig. 6 is a timing chart illustrating an operation of a vehicle mounted with the 
automatic transmission according to the embodiment of the present invention. 

Best Modes for Carrying Out the Invention 

Hereinafter, embodiments of the present invention will be described with 
reference to the drawings. In the following description, the same portions are denoted 
by the same reference characters, and they are identical in name and function as well. 
Thus, detailed description thereof will not be repeated where appropriate. 
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A power train of a vehicle including the control device according to an 
• embodiment of the present invention is now described. The control device of the 
present embodiment is implemented by an ECU (Electronic Control Unit) lOOO shown 
in Fig. 1 . The automatic transmission is formed of a torque converter 200 in the form 
5 of a fluid coupling and an automatic transmission mechanism 300 in the form of a 
planetary' gear transmission mechanism. 

Referring to Fig. 1, the power train of a vehicle including the control device of 
the present embodiment is described. More specifically, the control device of the 
present embodiment is implemented by an ECT (Electronic Controlled Automatic 
10 • Transmission)_ECU 1020 within ECU 1000 shown in Fig. 1, 

As shown in Fig. 1, the power train of the vehicle is formed of an engine 100, 
torque converter 200, automatic transmission niechanism 300, and ECU lOOO. 

Engine 100 has an output shaft connected to an input shaft of torque converter 
200. Engine 100 and torque converter 200 are connected via a rotating shaft. Thus, 
15 the number of revolutions NE of the output shaft of engine 1 00 (or engine revolution 

number NE) detected by an engme revolution number sensor 400 is equal to the number 
of revolutions of the input shaft of torque converter 200 (or pump revolution number). 

Torque converter 200 is formed of a lockup clutch 210 making the input and 
output shafts directly coupled, a pump impeller 220 on the input shaft side, a turbine 
20 impeller 230 on the output shaft side, and a stator 240 having a one-way clutch 250 and 
performing a torque amplifying fimction. Torque converter 200 and automatic 
transmission mechanism 300 are connected via a rotating shaft. The number of 
revolutions NT of the output shaft of torque converter 200 (or turbine revolution 
number NT) is detected by a turbine revolution number sensor 410. The number of 
25 revolutions NOUT of the output shaft of automatic transmission mechanism 300 is 
detected by an output shaft revolution number sensor 420. 

Lockup clutch 210 is operated as a lockup relay valve applying oil pressure 
switches the apply/drain of the oil pressure between the engage side and the release side. 
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As a lockup piston moves in the axial direction, the lockup piston is connected to or 
disconnected from a front cover via a friction member. Lockup clutch 210 partitions 
the interior of the torque converter. A release side oil chamber for release of lockup 
clutch 210 is formed between the lockup piston and the front cover, while an engage 
5 side oil chamber for engagement of lockup clutch 210 is formed between the lockup 

piston and a turbine runner. The hydraulic circuit within the valve body appUes the oU 
pressure to the release side oil chamber and the engage side oil chamber. 

Fig. 2 shows an operation table of automatic transmission mechanism 300. The 
operation table of Fig. 2 shows engagement and disengagement of friction elements of 

10 clutch elements (C 1 -C4 in the figure), brake elements (B 1 -B4) and one-way clutch 

elements (F0-F3) in respective gear levels. At the time of the first gear level used for 
start of a vehicle, clutch element (CI) and one-way clutch elements (FO, F3) are 
engaged. Of these clutch elements, clutch element CI is specifically called an input 
clutch (CI) 3 10. Input clutch (CI) 3 10 is also caUed an ahead clutch or a forward 

15 clutch, and is always used in the engaged state for any gear level making a vehicle move 
forward, other than the parking (P) position, the reverse drive (R) position and the 
neutral (N) position. Thus, when there is a shift from the forward drive (D) position to 
the neufral (N) position, this input clutch (CI) 3 10 is also changed from the engaged 
state to the disengaged state. The hydraulic circuit associated with input clutch (CI) 

20 310 will be described later in detail. 

ECU 1000 controlling these power trains includes an engine ECU 1010 
controlling engine 100, an ECT (Electronic ControUed Automatic Transmission)_ECU 
1020 controlling automatic transmission mechanism 300, and a VSC (Vehicle Stability 
Control)_ECU 1030. 

2^ ECT_ECU 1020 receives a signal indicatmg the number of revolutions of turbine 

NT from turbine revolution number sensor 410, and a signal indicating the number of 
revolutions of output shaft NOUT from output shaft revolution number sensor 420. 
ECT_ECU 1020 also receives from engine ECU 1010 a signal indicating the number of 
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revolutions of engine NE detected by engine revolution number sensor 400 and a signal 
indicating throttle opening detected by a throttle position sensor. 

These revolution number sensors are arranged opposite to the teeth of the 
revolution detecting gears attached to the input shaft of torque converter 200, the 
output shaft of torque converter 200 and the output shaft of automatic transmission 
mechanism 300. They are capable of detecting any subtle rotation of the input shaft of 
torque converter 200, the output shaft of torque converter 200 and the output shaft of 
automatic transmission mechanism 300. For example, a sensor using a magneto- 
resistive element, generally called a semiconductor sensor, may be employed therefor. 

ECT_ECU 1020 fiirther receives from VSC__ECU 1030 a signal indicating 
vehicle acceleration detected by a G sensor, and a signal indicating that the brake is on. 
VSC_ECU 1030 receives a brake control signal fi*om ECT^ECU 1020, and controls the 
brake of the vehicle. An accelerator opening signal is transmitted from VSC_ECU 
1030 to ECT_ECU 1020. An engine torque down request signal is transmitted fi-om 
ECT^ECU 1020 to engine ECU 1010. Specifically, a fiiel cut request signal, a throttle 
opening limit request signal and others are transmitted as the engine torque down 
request signals. 

ECT^ECU 1020 outputs control signals to linear solenoid valves (SLT, SLU), 
on/ofF solenoid valves and others of the hydraulic circuit of automatic transmission 
mechanism 300. These control signals cause engagement/disengagement of desired 
friction engagement elements as shown in Fig. 2 and also cause switch between the 
apply and drain paths of the operating oil. 

In ECU 1000 as the control device according to the embodiment of the present 
invention, in response to the state of automatic transmission mechanism 300 changed 
from a non-drive position (neutral (N) position) to a drive position (forward drive (D) 
position), ECTJECU 1020 requests engine torque down to engine ECU 10 10 to 
decrease the engine revolution number NE of engine 1 00. When the turbine revolution 
number NT of torque converter 300 is decreased to a predetermined revolution number 
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(the revolution number vAth which no problem occurs associated with heat resistance of 
input clutch (CI) 310), input clutch (CI) 3 10 is engaged by direct pressure control. 
That is, the direct pressure control is employed to delay the engagement start timing of 
input clutch (CI) 310. 

The hydraulic circuit associated with input clutch (CI) 310 controlled by the 
control device of the present embodiment is now described with reference to Fig. 3. 
Fig. 3 shows a portion of the hydraulic circuit. 

The most significant feature of this hydraulic circuit is that a linear solenoid valve 
(SL 1 ) enables direct pressure control of input clutch (C 1 ) 3 1 0. Input clutch (CI ) 3 1 0 
is connected to a C4 relay valve that is controlled by an SR solenoid valve. The C4 
relay valve is connected to linear solenoid valve (SLl) via a clutch control valve and an 
SLl relay valve. The SLl relay valve is supplied with operating oil via a 4-5 shift valve 
that is controlled by an S4 solenoid valve. The hydrauUc circuit is formed to aUow 
direct pressure control of the brake element B2 as well. 

Fig. 4A shows an operation table of the associated solenoid valves, and Fig. 4B 
shows a timing chart of operations according to the operation table. At the time of 
shift from the neutral (N) position to the forward drive (D) position, direct pressure 
control and line pressure control of input clutch (CI) 310 are switched via on/ofif of the 
SR solenoid valve. The direct pressure control is effected when the SR solenoid valve 
is off (x), while the line pressure control is effected when it is on (O). In either case, 
the S 1 solenoid valve is off (x), and the S2, S3 and S4 solenoid valves are on (O). It is 
noted that the Une pressure control refers to the state of control in the case where the 
line pressure is applied to the friction engagement elements rather than the oil pressure 
adjusted by a Imear solenoid valve using direct pressure control. Hereinafter, the line 
pressure control is also referred to as line pressure apply. 

The direct pressure control makes it possible to control the engagement start 
timing and the engagement pressure of input clutch (Cl) 310 by command signal values 
output from ECT_ECU 1020 to linear solenoid valve (SLl). 
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It is noted that, in the first gear level of the forward drive (D) position, input 
clutch (CI) 3 10 undergoes line pressure control, with the SI solenoid valve being off 
(x), the S2 and S3 solenoid valves on (O), the S4 solenoid valve off (x), and the SR 
solenoid valve on (O). 

Further, the direct pressure apply and the direct pressure drain with respect to 
brake element B2 are designated by control command values to a linear solenoid valve 
(SL2). 

A control structure of the program performed by ECT^ECU 1020 as the control 
device of the present embodiment is now described with reference to Fig. 5. 

In step (hereinafter "S") 100, ECT^ECU 1020 determines whether a shift 
operation from the neutral (N) position to the forward drive (D) position has been done. 
Specifically, ECT_ECU 1020 makes the determination based on the states of N and D 
contact pomts of a neutral start switch (NSW) provided on the lateral side of automatic 
transmission mechanism 300. When the shift operation from the neutral (N) position to 
the forward drive (D) position is detected (YES in SI 00), the process goes to SI 10. If 
not (NO in SI 00), the process returns to SI 00, where a shift operation from the neutral 
(N) position to the forward drive (D) position is awaited. 

In SI 10, ECT_ECU 1020 determines whether a control execution flag is reset 
and the turbine revolution number NT is greater than a control initiation threshold value 
A. When the control execution flag is in the reset state and the turbine revolution 
number NT is greater than the control initiation threshold value A (YES in S 1 10), the 
process goes to SI 20, If not (NO in SI 10), the process goes to SI 30. 

In S120, ECT_ECU 1020 sets the control execution flag. In S130, ECT^ECU 
1020 determines whether the turbine revolution number NT is smaller than a value of 
the output shaft revolution number NOUT of automatic transmission mechanism 300 
multiplied by a gear ratio and added with a control termination threshold value B. 
When NT < NOUT x gear ratio + control termination threshold value B (YES in SI 30), 
the process goes to S140. If not (NO in S130), the process goes to S150. 
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In S140, ECT_ECU 1020 resets the control execution flag to terminate the 
process. 

In SI 50, ECT_ECU 1020 determines whether the turbine revolution number NT 
is greater than an engagement pressure delay threshold value C. When the turbine 
revolution number NT is greater than the engagement pressure delay threshold value C 
(YES in S 1 50), the process goes to S 1 60. If not (NO in S 1 50), the process goes to 
SI 70. 

In S160, ECT_ECU .1020 performs the apply delay process of the operating oil 
to input clutch (CI) 310. Specifically, ECT_ECU 1020 delays the output of the 
control command signal to the linear solenoid valve (SLl), to delay the start of 
engagement of input clutch (CI) 3 10. 

In S 170, ECT_ECU 1020 determines whether the turbine revolution number NT 
is greater than a fuel cut request threshold value D. When the turbine revolution 
number NT is greater than the fuel cut request threshold value D (YES in SI 70), the 
process goes to SI 80. If not (NO in Si 70), the process returns to S 130. 

In S 180, ECT_ECU 1 020 performs the fuel cut request process. At this time, 
ECT_ECU 1020 transmits a fuel cut request signal as the engine torque down request 
signal to engine ECU 1010. After completion of the process of SI 80, the process 
returns to SI 30. 

The relation in size of the threshold values explained in conjunction with the 
flowchart is as follows: threshold value B < threshold value A < threshold value D < 
threshold value C, although the present invention is not limited thereto. 

Hereinafter, an operation accorduig to the structure and flowchart as described 
above when a shift operation fi-om the neutral (N) position to the forward drive (D) 
position is performed in a vehicle mounted with ECT_ECU 1020 as the control device 
according to the present embodiment is described. 

When a driver operates the shift lever to perform the shift operation from the 
neutral (N) position to the forward drive (D) position (YES in SI 00), if the control 
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execution flag is in a reset state and the turbine revolution number NT is greater than the 
control initiation threshold value A (YES in SllO), the control execution flag is set 
(SI 20), The control execution flag thus set indicates, when the state of this control 
execution flag is detected in a flowchart other than the flowchart shown in Fig. 5, that 
the engagement delay process of N->D input clutch (CI) 3 10 is in progress. 

When the turbine revolution number NT is not smaller than (NOUT x gear ratio 
+ control threshold value B) (NO in SI 30) and is greater than the engagement pressure 
delay threshold value C (YES in SI 50), then the process of delaying appUcation of the 
operating oil to input clutch (CI) 310 is performed (S160). 

At this time, as shown in the timing chart of Fig. 6, even if N->D is detected, the 
engagement oil pressure of input clutch (CI) 310 enters the CI apply delay process state. 
This corresponds to the portion in Fig. 6 where the oil pressure does not increase to the 
level at which input clutch (CI ) 3 1 0 is engaged. 

When the turbine revolution number NT is greater than the fuel cut request 
threshold value D (YES in SI 70), the fuel cut request signal is transmitted to engine 
ECU 1010 (8180), and the fuel cut is performed at engine 100. 

With the fuel cut executed at engine 100, the engine revolution number NE of 
engine 100 decreases, the input revolution number of torque converter 200 decreases, 
and the turbme revolution number NT, corresponding to the output shaft revolution 
number of torque converter 200 and to the input shaft revolution number of automatic 
transmission mechanism 300, also decreases. 

Determination of the relation in size of the turbine revolution number to the 
engagement pressure delay threshold value C and the fuel cut request threshold value D 
is repeated until the turbine revolution number NT becomes smaller than (NOUT x gear 
ratio + control termination threshold value B) (NO in S130). 

The threshold value C is greater (higher) than the threshold value D. Thus, as 
the turbine revolution number NT decreases, it becomes smaller than the engagement 
pressure delay threshold value C first and then becomes smaller than the fiiel cut request 
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threshold value D, When the turbine revolution number NT becomes the engagement 
pressure delay threshold value C or smaller (NO in SI 50), the apply delay process of the 
operating oil to input clutch (CI) 3 10 is terminated. As the CI apply delay process is 
terminated, as shown in Fig. 6, the engagement pressure of input clutch (CI) 3 10 
increases stepwise at first, and then increases gradually to finally allow application of the 
oil pressure suflScient for making input clutch (CI) 310 engaged. 

When the turbine revolution number NT becomes the fiiel cut request threshold 
value D or smaller (NO in SI 70), the fiiel cut request process is no longer performed, 
and the fiiel cut is stopped. A this time, the FC execution state changes fi-om on to off 
as shown in Fig. 6. 

In the CI apply delay process, as shown in Fig. 6, the CI engagement oil 
pressure does not increase at all, with no control command signal being output to the 
linear solenoid (SLl) until the turbme revolution number NT attains a predetermined 
value. When the AT input revolution number (turbine revolution number NT) becomes 
smaller than the predetermined, engagement pressure delay threshold value C, the CI 
engagement oil pressure increases stepwise. These are controlled by the control 
command value output fi-om ECT_ECU 1020 to the linear solenoid (SLl). 

The CI apply delay process delaj's the engagement of input clutch (CI) 310, 
based on the changed state of the input revolution number of automatic transmission 
mechanism 300. Too high the input revolution number of automatic transmission 
mechanism 300 poses a problem associated with heat resistance of input clutch (CI) 3 10. 
When the input revolution number of automatic transmission mechanism 300 is 
sufficiently low, even if the engagement pressure of input clutch (CI) 3 10 is increased 
gradually, the heat absorption amount of the engagement element (corresponding to the 
area) does not exceed the heat absorption capacity thereof Thus, degradation of input 
clutch (CI) 3 10 due to the thermal factors is prevented. 

As described above, according to the ECT_ECU as the control device of the 
present embodiment, when the shift operation fi-om the neutral (N) position to the 
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forward drive (D) position is performed, the engagement start timing of the input clutch 
CI that is changed from the disengaged state to the engaged state at the forward drive 
(D) position is delayed until the turbine revolution number decreases sufiBciently. The 
fiiel cut of the engine is performed to decrease the engine revolution number and hence 
5 the turbine revolution number. When the turbine revolution number is sufiBciently 
decreased, the engagement oil pressure of input clutch CI is gradually increased by 
direct pressure control to make input clutch CI engaged. As such, the actual heat 
absorption amount is smaller than the heat absorption capacity of input clutch CI, 
causing no problem associated with heat resistance of input clutch CI . A shift shock is 

10 prevented as v^ell, since the input clutch CI is engaged only after the turbine revolution 
number is decreased by lowering the engine revolution number by the fixel cut or the like. 

Although the number of revolutions of the turbine has been detected to perform 
the engagement control of input clutch (CI) 3 10 based thereon in the above embodiment, 
the present invention is not limited thereto. For example, instead of delaying the 

15 engagement control of input clutch (CI) 310 based on the turbine revolution number NT, 
the engagement control of input clutch CI may be started a predetermined period of 
time after execution of fiiel cut of the engine in response to the shift operation from the 
neutral (N) position to the forward drive (D) position having been done. 

It should be understood that the embodiments disclosed herein are illustrative and 

20 non-restrictive in every respect. The scope of the present invention is defined by the terms 
of the claims, rather than the description above, and is intended to include any modifications 
within the scope and meaning equivalent to the terms of the claims. 
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